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Empowered by the wisdom of crowds, innovation 
nowadays is increasingly relying on diverse 
individuals’ knowledge collaboration. Research on 
crowdsourcing and open innovation has demonstrated 
that through deliberate understanding and reflective 
thinking, members of the online crowd collectively 
manage their knowledge to generate innovative ideas. 
However, the semantic patterns of how online crowd’s 
collective reflection ultimately leads up to innovation 
remains unclear. Employing semantic network 
approach, this study analyzed a total of 1,116 posts 
contributed by online crowds responding to two 
organization-sponsored crowdsourcing open 
innovation challenges. Findings show that the semantic 
patterns of online crowds’ knowledge collaboration 
evolve from one phase to another in accordance with 
crowd members’ collective reflection on their diverse 
knowledge. Theoretical and practical implications are 
discussed.  
 
1. Introduction  
 
Crowdsourcing is a frequently used innovation 
strategy described in recent research [1-2]. Crowd-
based open innovation refers to “the use of purposive 
inflows and outflows of knowledge to accelerate 
internal innovation, and to expand the markets for 
external use of innovation” [65, p.1], highlighting a 
sequential and recombinant innovation [66]. The 
information systems and innovation literature has 
viewed crowd-powered open innovation as an 
approach to sourcing distant knowledge and thus 
generating novel solutions [67-70].  
As communication technology lends itself to large-
scale interaction, crowd-based online knowledge 
exchange and sharing has been boosted [3]. On social 
media, in particular, knowledge collaboration is 
configured by dynamic sharing activities emerged from 
ongoing social interactions among contributors [4]. 
The proliferation of communication technology has 
facilitated the emergence and advancement of semantic 
knowledge network. Recognition of the value of word-
to-word relationships can be traced back to the early 
research of Collins and Quillian [5], which suggested 
that cross-word connections can be viewed as a 
manifestation of collaborators’ shared thoughts and 
common minds. According to their work, associated 
terms and words are stored hierarchically in 
individuals’ minds, and therefore the meanings are 
constructed by the terms and words that refer to one 
another. Knowledge is stored in human memory in a 
similar manner. When individuals attempt to describe a 
thing, relevant hierarchically stored words will be 
activated, so that individuals can create sentences to 
build shared meanings [5-7].  
Semantic network is similar to social network in 
that it exhibits the structure of a networked 
relationship; however, it differs from social network 
because it is based on communicators’ textual 
connections rather than social linkages. In such a 
network, connections are formed by overlapping 
concepts instead of interactional instances [8,9]. The 
goal of semantic network analysis, therefore, is to 
allow the meanings to emerge and thus to be identified. 
Semantic network analysis does not employ a pre-
defined scheme that is often seen in traditional content 
analysis; it utilizes natural language processing rather 
than human coding to decode the large-scale shared 
meanings, in order to inherently ensure reliability and 
validity [10]. As such, semantic network can be 
beneficial for studying knowledge contribution because 
this approach, to a great extent, allows valuable 
insights to surface during collaborative interaction. 
Studying online collective action through the lens 
of semantic network, the crowdsourcing process 
configured by interconnected words can be unfolded. 
In the first place, texts are scanned in order to find the 





most frequently used words; then an adjacency matrix 
is built based on calculating the frequencies of 
meaningful words, such that word co-occurrence pairs 
can be identified. The matrix can be further analyzed 
so as to detect clusters or other types of inter-words 
correlations, for a better understanding of the 
interlinked meanings [11]. Semantic network approach 
allows researchers to capture the visible and 
quantifiable attributes based on which shared meanings 
are built and facilitates a deep understanding of 
individuals’ common beliefs and values.  
The present study examines online crowds’ 
knowledge collaboration and collective reflection by 
scrutinizing various semantic attributes of the online 
crowd-generated content as well as exploring the 
development and evolution of the semantic networks 
emerged from online crowds’ collaborative knowledge 
sharing. 
 
2. Conceptual Development  
 
2.1. Communicating Knowledge in Virtual 
Space 
 
Social interaction is a natural human tendency [12]. 
In general, individuals engage in regular and frequent 
social interactions to fulfill the need to belong. As 
Baumeister and Leary [12] explained, individuals have 
“a need to form and maintain at least a minimum 
quantity of interpersonal relationships, [which] is 
innately present (and hence nearly universal) among 
human beings” (p. 499). Taking part in social 
interactions helps to build sustained connections, as 
well as establish and maintain a feeling of belonging.   
Individuals communicate knowledge in virtual 
space for a variety of purposes. As a collective 
construction, knowledge sharing provides collaborators 
with an opportunity to build and maintain relationships 
as well as reach agreements. Research indicates that IT 
knowledge and experience positively affect the 
promotion of managers in different areas [71, 72]. As 
suggested by Nelson and Cooprider [13], 
communicating knowledge can help individuals satisfy 
the needs for interaction, build social connections, as 
well as develop mutual trust and shared visions. As the 
affordances of online knowledge collaboration 
community enable knowledge contributors to satisfy 
their self-presentation needs while co-creating 
knowledge artifacts [14], contributors often tend to 
play different roles in knowledge creation [15,16]. 
Moreover, visual anonymity and the freedom afforded 
by online communication offer alternative ways of 
managing their self-presentations in front of others 
[17], and members of online crowds enjoy the 
autonomy in customizing their own presentations and 
experimenting with alternative self-image 
constructions. As Wallace [18] noted, the Internet 
serves “an identity laboratory, overflowing with props, 
audiences, and players for our personal experiments” 
(p.48). 
Communicating knowledge online is jointly 
motivated by an individual’s cognition and the social 
context in which he or she is embedded. As computer-
mediated communication enables the extension of 
existing offline social networks as well as the 
construction of new online social networks, individuals 
more and more rely on virtual communities to 
exchange their knowledge. According to social 
cognitive theory, activities in virtual space may be 
viewed as inherently “triadic, dynamic, and reciprocal 
interaction of personal factors, behavior, and the social 
network”, as “virtual communities are online social 
networks in which people with common interests, 
goals, or practices interact to share information and 
knowledge, and engage in social interactions” [19]. In 
other words, virtual communities are essentially 
sustained by interrelated connections and networked 
interactions. According to Bandura [20], an 
individual’s behavior not only depends on his or her 
own values or beliefs but is also influenced by the 
social structure in which the individual is embedded. 
When participating in online knowledge collaboration, 
members of the crowd are involved in virtual 
communities where their interactions are interrelated 
and networked, and thus knowledge can be exchanged 
along the network ties among them [21]. Knowledge 
sharing is often motivated by collaborators’ 
expectations of reciprocal relationships [22,23]; 
satisfaction, sense of belonging, and collective identity 
can also promote collaborators’ contributions to the 
shared knowledge repositories [24,25,26]. 
 
2.2. Collective Reflection in Knowledge 
Collaboration 
 
Knowledge collaborators rely on reflective thinking 
to comprehensively understand the knowledge shared 
by others. Reflective thinking, or reflection, indicates 
the process in which individuals thoroughly consider 
previous performance in order to identify deficiencies 
and make improvements in future actions [27]. In the 
context of collaborative teamwork, reflection refers to 
the process that “team members overtly reflect upon 
the group’s objectives, strategies, and processes and 
adapt them to current or anticipated endogenous or 
environmental circumstances” [28, p.559]. As 
suggested by West [29], reflection comprises behaviors 
such as “questioning, planning, exploratory learning, 
analysis, diversive exploration, making use of 
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knowledge explicitly, planfulness, learning at a meta-
level, reviewing past events with self-awareness, and 
coming to terms over time with a new awareness” 
(p.4). Cognitively, reflection fosters the awareness of 
knowledge gaps and dissonance, so that individuals 
can be motivated to seek additional knowledge and 
make plans for future improvements. Through critical 
evaluations of strengths and weaknesses, individuals 
can come to a deeper realization of their current status, 
and hence can obtain a clearer vision of the future. 
Individuals often undertake self-reflection in 
attempting to make sense of new knowledge and 
recognize current dissonance. Self-reflection facilitates 
comprehensive analyzing and planning [30]. Through 
collective interactions, individuals have the 
opportunity to receive feedback from other discussants 
[31,32] and thus to reconsider and reevaluate their own 
performance.   
When teams are reflective, they think thoroughly 
about long-term strategies and consequences, 
collective performance, as well as environmental 
factors in order to make advancements in future 
collaborative work [29]. Based on collective reflection, 
team collaborators make plans for adjusting next-step 
actions and goals, and such a process is usually 
intertwined with the execution of adaptations and the 
implementation of preplanned objectives [33]. With a 
blueprint agreed upon, collaborators can conduct goal-
oriented actions to accomplish desired changes [29,34]. 
Reflection is more likely to occur among diverse 
collaborators than among homogeneous ones. It is 
important for collaborators to reflect on each other’s 
diverse opinions when attempting to achieve 
agreements [35]. Collaborators with diverse knowledge 
domains and skillsets need to reflect on a shared goal 
in order to maintain a clear path towards this goal. 
Through reflective thinking, collaborators achieve a 
better and clearer understanding of each other’s roles 
and contributions [36]; a mutual understanding among 
heterogenous collaborators is constructed, and thus 
positive collective outcomes such as collective 
effectiveness and creativity can be produced [35, 37, 
38, 39]. Essentially, collaborators with heterogenous 
views are more capable of being attentive to various 
issues which further trigger a consideration of hidden 
facts and potential alternatives [40,41].  
Reflection can be found effective in crowd-based 
open innovation challenges, whereby a common vision 
is often set for participants collaborating on solving a 
broadly defined problem through the exchange of their 
unique knowledge. Collaborators having a shared 
vision are inclined to engage in collective reflection, as 
the shared vision fosters a commitment to the task and 
encourages risk taking and exploration [42,43]. When 
collaborators work towards a common goal, their 
collective reflection can assist shared understanding 
and enhance the common ground for future 
communication [35]. Besides, collaborators’ 
communicative skills which help improving the 
cohesiveness of a team or a community also play an 
important role because a proactive communication 
approach can shape collective reflection in a positive 
way [44, 45]. 
Reflective interaction spurs innovation [45]. In 
collective idea generation, individuals conduct 
reflective thinking to help each other work effectively 
and creatively [46]. As reflection essentially builds 
upon a deep processing and critical evaluation of the 
shared knowledge, creative ideas usually emerge when 
collaborators are able to reflect on their performance 
rather than working without reflection [39,47-50]. 
Therefore, when leveraging reflexivity to 
crowdsourcing innovation challenges in which diverse 
crowd members constantly make sense of existing 
knowledge, actively produce new knowledge, share a 
common vision, as well as cooperate on finding 
solutions, the dynamic patterns of crowd members’ 
reflection are worthy of close examination. 
 
2.3. Socio-Semantic Network and Knowledge 
Sharing 
 
As a manifestation of online collective knowledge 
sharing and collaborative knowledge management, 
semantic network has increasingly received scholarly 
attention. Identifying and motivating expertise 
contribution and experience sharing, online 
communication sites have introduced an advanced way 
of social participation. These sites employ a 
communicative structure similar to the blogosphere 
[51, 76], and in such a sphere, communication and 
collaboration are embodied by participants’ non-verbal 
referencing to each other. For example, online sites for 
knowledge collaboration such as crowdsourcing 
innovation challenge platforms are often constructed as 
a blog-based network in which participants share, 
exchange and produce knowledge through initiating or 
commenting on blog-like posts. The blogosphere-type 
of online community is essentially a socio-semantic 
network in which each blog can be recognized by both 
semantic and relational attributes. Relational attribute 
means that individuals’ positions within the network 
can be configured by their back-forth interactions, 
whereas semantic attribute refers to the cognitive 
embodiments displayed in each post [52].  
Accordingly, the blogosphere community offers a 
unique avenue for observing knowledge sharing and 
knowledge flow. Compared to social networks, topic-
oriented blog-based semantic networks enable a closer 
examination of the influential nodes, emerging topics, 
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as well as the ever-evolving link structures. Research 
on community structures of blogosphere, for instance, 
has presented that the community is maintained by 
inter-post linkages among blog contributors [53].  
The patterns of knowledge sharing are grounded in 
network structural features of the blog-based virtual 
community. For example, research has investigated the 
trend of topic evolution [54], the crowd’s sentiment 
underlying their opinions [55], as well as the co-
existents and the cyclic pattern of chatters and spikes in 
online conversations [56-58]. Viewing blog-based 
virtual community as a socio-semantic web in which 
the members co-produce visible symbolic artifacts, 
crowd-based knowledge collaboration can be 
investigated by observing these interconnected 
cognitive artifacts and configurations [59]. In addition, 
socio-semantic web highlights the human interaction 
underlying the creation of blog posts, as well as 
maintains a community in which participants 
collectively elicit and contribute knowledge to improve 
their collaborative work [60, 75]. 
Adopting the perspective of socio-semantic 
network, the semantic patterns of knowledge 
collaboration in crowdsourcing innovation challenges 
can be examined specifically through mapping the 
evolving knowledge configurations that crowd 
members’ networked interaction displays. In view of 
these foundational theoretical frameworks, this study 
proposes:  
RQ1: From the perspective of semantic network, 
what is the pattern of crowd members’ collective 
reflection when they collaboratively share 
knowledge in online crowdsourcing innovation 
challenges? 
 
3. Method  
 
This study seeks to examine the semantic 
representation of knowledge collaboration in online 
crowdsourcing innovation challenges. Collaborating 
with two companies that have employed 10-day 
crowdsourcing tournaments to generate innovative 
solutions to the companies’ strategic problems, this 
study has harvested a total of 1,116 unique crowd-
generated posts. The innovation tournaments were held 
by a third-party platform provider. Incentives were 
provided to participants who generated most creative 
ideas determined by the companies. Both companies 
were selected because of their top positions in the 
industry and their pioneering work in co-creating value 
with customers. The crowdsourcing challenges were 
open to the public, and there was no limitation on the 
amount of contribution that each participant could 
make. The difference in the number of contributions 
between the challenges, therefore, was naturally 
determined by the level of participants’ activeness. To 
ensure anonymity, participants from various social and 
knowledge backgrounds were allowed to create their 
usernames, so that they could contribute without 
revealing their identities. As such, this study did not 
record participants’ individual characteristics. In 
particular, Organization A is a finance company based 
in the United States, and it crowdsourced for new ideas 
on the design of its business model; it successfully 
collected a total of 368 posts through the 
crowdsourcing innovation challenge. In the ten-day 
tournament, fifty-one participants contributed to the 
innovation challenge. This innovation challenge 
particularly sought ways to reach new customers, 
establish new supply chains, provide novel customer 
solutions, find new revenue streams, etc. Organization 
B is a government-funded non-commercial 
environmental management organization based in New 
Zealand, which sought for open strategies; this 
organization has obtained a total of 748 posts. In the 
ten-day challenge, a total of ninety-nine individuals 
made their contributions. Specifically, the innovation 
challenge attempted to find new environmental 
management approaches and develop novel strategies 
to improve environmental services. Previous research 
showed that the crowd performs differently across 
various stages of idea generation. For example, the first 
period of time after an innovation challenge launches 
may often be used for a cognitive warm-up, whereas 
towards the end of a time-bound challenge, the 
potential for producing creative ideas may decline due 
to exhaustion of sharing and thinking [73, 74]. 
Therefore, in order to capture the evolution of semantic 
representations in crowdsourcing, all posts were 
clustered into three phases based on their unique 
timestamps assigned by the system according to the 
unique sequential position of each post in the 10-day 
discussion, using k-means clustering analysis with 
MATLAB. In particular, the three phases were termed 
the early, middle, and late phase of the discussion.  
 
3.1. Data Analysis 
 
For each innovation challenge, a semantic network 
analysis using text analytics tool Leximancer 
(https://info.leximancer.com/) was conducted regarding 
each of the three discussion phases separately. In pre-
processing, typical stop words were filtered out so that 
the remaining words that concretely contributed to the 
collective meanings can be analyzed. In general, stop 
words removed from this study include articles, 
conjunctions, prepositions, and transitive verbs, such as 
“an”, “as”, “between”, “just”, “then”, “you”, etc.   
Using natural language processing techniques, 
Leximancer first analyzes the occurrence and 
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frequency of each word and generates several concepts 
that represent a collection of interrelated words. In 
alignment with Doerfel [8], such concepts refer to a 
constellation of words appearing together. For 
instance, the concept “pleased” may contain words like 
“happy”, “glad”, and “delighted”. Then words and 
terms are weighted by analyzing the frequency that 
they appear in a sentence together with the concepts. 
After generating a list of concepts, this analysis 
produces a co-occurrence network matrix of all 
concepts, in which the value in each cell refer to the 
frequency that two concepts occur together in a single 
sentence. On the basis of this co-occurrence network, 
clusters of connected concepts are developed and 
visualized, with each cluster characterized by a unique 
theme that reflects the major interest of the crowd [61]. 
In this study, a list of frequency counts of mostly 
used concepts was generated, followed by a semantic 
network analysis demonstrating the emergence and 
evolution of the semantic attributes of online crowds’ 
knowledge collaboration. 
 
4. Results  
 
The top 10 concepts generated by online crowd are 
presented in Table 1 and Table 2. Semantic network 
maps are then presented for visualizing connections 
among terms as well as concepts. The size of each 
concept node in the maps indicates the count number 
of co-occurrence, meaning that compared to small 
nodes, larger nodes are connected with more concepts 
and are thus taking a more central position in crowd-
generated semantic network of knowledge 
collaboration. 
 
4.1. Crowdsourcing Innovation Challenge on 
Finance and Banking 
 
In the innovation challenge on finance and banking, 
concepts like “financial”, “services”, “banks”, “idea” 
consistently ranked the top of the list across three 
phases, naturally because of the business of the 
company as well as the theme of the company’s 
crowdsourcing innovation challenge (Table 1 & Figure 
1). When comparing the concepts across three phases, 
the early phase was characterized by concepts related 
to financial literacy as well as basic knowledge of 
banking. 
Table 1. The top 10 most frequently-occurring 
concepts in Crowdsourcing Innovation 
Challenge on Finance and Banking 







financial 100% financial 100% financial 100% 
services 59% services 72% money 89% 
money 57% companies 69% banks 89% 
idea 52% idea 62% idea 80% 
banks 46% banks 56% people 67% 
savings 43% money 47% credit 59% 
literacy 41% credit 44% app 50% 
account 35% people 41% need 50% 
users 33% generation 38% students 43% 




Figure 1. Trend Graph of Concept Relevance 
 
Semantic network analysis was conducted to 
examine the interconnections among concepts as well 
as the emergence of major themes (see Figures 2-4). In 
these network maps, the bubbles represent unique 
themes and the individual dots inside the bubbles 
represent major concepts that emerged from crowd’s 
knowledge sharing in the innovation challenge. For 
each phase, different but overlapping themes were 
identified. When comparing the knowledge shared 
across these three phases, it can be found that along 
with the unfolding of the discussion, members of the 
crowd develop their thoughts from focusing on basic 
financial and banking activities (such as “savings”) to 
highlighting the role of technology (such as “apps”) in 
improving financial and banking business models. 
Specifically, in the early phase (Figure 2), eight 
major themes emerged that indicated: 1) ways to 
facilitate savings, such as developing smartphone 
applications or help individuals make long-term goals 
(the bubble on the bottom left); 2) financial and 
banking services and products (the bubble on the 
bottom center); 3) usage of financial services (the 
bubble at the very bottom); 4) the ideas for improving 
the public’s financial literacy such as using games (the 
bubble on the bottom right); 5) people’s money that 
can be taken care of by financial programs and services 
(the bubble in the very center); 6) time invested to the 
management of money (the bubble on the top left); 7) 
young adults’ involvements in financial activities (the 
bubble on the top center); 8) general information about 
financial market (the bubble on the top right). An 
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example of the posts could be “I feel like we need a 
smarter saving service” or “We should have more 
diverse types of financial products”.    
 
Figure 2. Semantic Network from Financial 
and Banking Service Crowdsourcing 
Challenge, Early Phase 
 
Likewise, eight major themes have been identified 
in the middle phase (Figure 3), demonstrating the 
content different from that in the early phase: 1) details 
about financial services such as free service (the 
bubble at the very bottom); 2) general information 
about current users of financial services (the bubble on 
the bottom left); 3) generation-related financial and 
banking issues (the bubble on the bottom center); 4) 
information regarding people’s financial life (the 
bubble on the bottom right); 5) banking activities 
related to credit or debit cards (the bubble on the top 
left); 6) financial and banking services based on 
websites or e-platforms (the bubble in the very center); 
7) ideas to improve financial services (the bubble on 
the top center), 8) individuals’ financing activities (the 
bubble on the top right). Although the first theme 
“financial” has appeared in both the early and the 
middle phase, the concepts it included has been 
enriched in the middle phase. Different from the posts 
in previous phase, posts in the middle phase focused 
more on technology. For example, participants 
mentioned “I think banking apps compatibility should 
be improved” or “Safety should be the top priority 
when developing banking apps”.  
 
Figure 3. Semantic Network from Financial 
and Banking Service Crowdsourcing 
Challenge, Middle Phase 
Finally, in the late phase, the theme “financial” (the 
bubble at the very center) has been further enriched by 
including new concepts such as “students”, “time”, 
“young”, and “college”. In addition, crowd members in 
this phase generated seven other themes that 
demonstrate: 1) need-based ideas for improving 
financial services (the bubble at the very bottom); 2) 
the similarity in terms of characteristics of target 
customers (the bubble on the bottom left); 3) possible 
smartphone applications that could be developed to 
provide better banking services (the bubble on the 
bottom right); 4) banking-related issues such as credit 
and savings (the bubble on the center right); 5) 
proposed programs that can facilitate people’s daily 
financial activities (the bubble on the top left); 6) the 
uses of financial services (the bubble on the top 
center); 7) millennials who are the major customers of 
future financial services. In this phase, the focus of 
discussion switched from service and technology to the 
future of banking and financial service. For example, 
participants posted ideas like “I think we should design 
better service models for Generation Z” or “Younger 
people are fans of customization”.  
 
Figure 4. Semantic Network from Financial 
and Banking Service Crowdsourcing 
Challenge, Late Phase 
 
To compare the semantic networks generated 
throughout three phases of crowdsourcing, the analysis 
demonstrates that concepts like “game” and 
“workshops” only appeared in the first phase, because 
both these two can serve as educational tools to 
improve individuals’ financial literacy. In the middle 
phase, concepts related to “credit”, “generation”, 
“website”, “score” and “media” emerged, suggesting 
that as discussion went on, crowd members started to 
think about in-depth topics that are more relevant to the 
core theme of innovation challenge. Finally, the late 
phase was characterized by 1) the production of 
solutions to current problems, such as “app”, 
“savings”, “students”, “college”, and 2) the emergence 
of the concept like “future” that demonstrated a 
collective attention given to the long-term development 
of the company. 
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4.2. Crowdsourcing Innovation Challenge on 
Environmental Management 
 
In the innovation challenge on environmental 
management, the evolution of the content indicates that 
crowd members are reflectively involved in the 
discussion (see Figures 6-8). The most frequently-
occurring concepts in this open innovation challenge 
were presented in Table 2 and Figure 5.  
 
Table 2. The top 10 most frequently-occurring 
concepts in Crowdsourcing Innovation 
Challenge on Environmental Management 







pest 100% pest 100% pest 100% 
need 52% control 68% traps 53% 
species 48% possums 66% need 53% 
areas 47% traps 50% rats 52% 
control 46% need 50% land 48% 
possums 43% species 46% control 45% 
eradication 39% areas 45% use 42% 
cats 39% rats 43% possums 38% 
native 37% cats 42% species 29% 
people 35% research 31% work 29% 
 
 
Figure 5. Trend Graph of Concept Relevance 
 
Throughout the early, middle and late phases, 
concepts such as “pest”, “control”, “need”, “species”, 
and relevant animals like “possums”, “cats”, “birds” 
and “rats” remained frequently used. The top-ranked 
theme “eradication” in the early phase had fallen in the 
middle phase, and finally disappeared in the late phase. 
The concept “traps” which had not been mentioned 
very frequently in the early phase, became popular in 
both middle and late phases. More interestingly, the 
concept “research” only occurred in the middle phase 
rather than in the early or late phases. Such a cross-
phase evolution of concepts indicates that crowd 
members learn one another’s thoughts during 
crowdsourcing and make attempts to refine their own 
ideas. For example, in the early phase, eradication was 
considered as a useful pest management approach by 
most members of the crowd, however, after a period of 
thought-provoking discussion, the crowd started to 
realize that eradication was difficult and that using 
traps might be a more efficient approach. Along with 
the discussion, crowd members also realized the need 
of more research because a satisfactory environmental 
management relies on scientific tools. 
 
Figure 6. Semantic Network from 
Environmental Management Crowdsourcing 




Figure 7. Semantic Network from 
Environmental Management Crowdsourcing 
Challenge, Middle Phase 
 
When comparing the semantic networks generated 
throughout early, middle and late phase of 
crowdsourcing, several themes remained consistent 
whereas others evolved. In the early phase, unique 
themes were identified as 1) the general concern or life 
status of the public (the bubble on the bottom right); 2) 
management of relevant native species and animals 
(the bubble on the top left); 3) the possibility of 
eradication of pests (the bubble at the top right). In the 
middle phase, several new themes emerged such as: 1) 
the focus of people’s need (the bubble on the top 
right); 2) the balance among various requests raised by 
different people (the bubble at the very top); 3) the best 
approach to manage a variety of species (the bubble on 
the top left). Finally, in the late phase, four new themes 
emerged that indicated: 1) the appropriate time of 
implementing pest control strategies (the bubble on the 
top left); 2) the appropriate tools for pest control (the 
bubble on the center left); 3) the use of pest 
management strategies (the bubble on the top left); 4) 
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the agreement on balancing pest management and 
people’s needs (the bubble on the bottom right). Taken 
together, the content variation throughout different 
phases indicates that as the crowdsourcing unfolded, 
the crowds’ interests developed from calling for 
eradication efforts to striking a balance between 
protecting human habitat and animal habitat, and 
ultimately the crowd reached some agreements in 
terms of tools and timing of pest management. For 
example, in the first phase, participants articulated, 
“we should find a balance between pest control and 
environmental protection”, whereas in the second 
phase, participants considered the importance of 
scientific research and mentioned “more research on 
environmental management is needed”, and finally in 
the third phase, some consensus was reached, such as 
“I agree that using traps at appropriate times will be 
good for our environment”.  
 
 
Figure 8. Semantic Network from 
Environmental Management Crowdsourcing 
Challenge, Late Phase 
 
5. Discussion  
 
5.1. Findings and Implications 
 
This study mainly demonstrates semantic patterns 
of crowd members’ knowledge collaboration as well as 
collective reflection when responding to open 
innovation challenges. A total of 1,116 crowd-sourced 
online posts generated by organization-sponsored 
innovation challenges were analyzed, exhibiting the 
dynamic attributes of crowdsourced knowledge 
collaboration. First, the emerging themes, concepts, as 
well as the semantic networks in which those concepts 
and themes were interconnected jointly indicated that 
knowledge contributors cognitively reference each 
other when engaging in collective innovation. Second, 
a comparison of semantic networks generated across 
different discussion phases reveals that members of the 
crowd have collectively undertaken reflective thinking 
in the course of ongoing discussion. 
Several thematic patterns of crowdsourcing have 
emerged from crowd members’ collective knowledge 
collaboration. First, findings suggested that the 
frequencies of themes differed across three phases, 
representing heterogeneous symbolic artifacts that 
participants had collectively produced. These symbolic 
artifacts can be viewed as manifestations of the 
common knowledge shared within the crowd [52]. In 
the open innovation challenges studied, the crowds 
collectively generated symbolic artifacts that were 
commonly used throughout the entire discussion (for 
example, “banks”, “account” in the financial service 
innovation challenge; “traps”, “species”, “control” in 
the environmental management innovation challenge), 
as well as several symbolic artifacts uniquely used in 
each phase (for example, “game”, “generation”, 
“college” in the financial service innovation challenge; 
“fences”, “research”, “land” in the environmental 
management innovation challenge). Meanwhile, as 
shown in semantic co-occurrence networks, all the 
symbolic artifacts were embedded in a socio-semantic 
network in which all posts were connected to one 
another, and the network structures were constantly 
evolving as new topics emerged [52, 62]. Such a 
topical interlinking tendency [62, 63] facilitates 
sustaining online crowdsourcing discussion for 
generating solutions to innovation challenges. 
Furthermore, the evolving semantic networks 
across three crowdsourcing phases revealed that crowd 
members constantly engage in collective reflection. In 
alignment with the literature on reflection and 
collective reflexivity [28,29,64], this study revealed 
that reflection takes place when diverse members of 
the crowd engage in a collaboration driven by a 
common goal, as well as when the actions occur in a 
friendly and encouraging environment that makes 
collaborators feel safe to share unique opinions. The 
innovation challenges studied in the present research 
both demonstrated that crowd members refer to each 
other’s comments and take each other’s perspectives to 
develop their own thinking, and thus collectively 
advance their ongoing discussion. In accordance with 
the theories [37-39,47-50], collective reflection 
facilitates setting a shared vision amongst 
crowdsourcing participants. For example, in the 
innovation challenge where the theme was to seek 
solutions on financial service business models, a 
comparison of three co-occurrence networks 
demonstrated that, as the discussion unfolded, crowd 
members constantly adjusted their common visions and 
switched their focus from financial and banking apps 
to different categories of customers, and finally to the 
broader banking product markets. Likewise, in the 
challenge where the theme was to harvest innovative 
solutions in terms of environmental management, a 
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comparison of the co-occurrence networks across three 
phases revealed that the crowd’s common vision 
changed along the progress of collective discussion. In 
the first phase, the common vision was about 
eradication; in the second phase, the common vision 
became the issue of funding; and finally, in the third 
phase, the common vision was about emerging tools 
that could be used for pest control and environmental 
management. 
This study makes several contributions. 
Theoretically, it adopts socio-semantic network 
perspective in examining the dynamic patterns of 
collective reflection in crowdsourcing for innovation. 
Viewing collective knowledge collaboration as a socio-
semantic network, this study unpacks the dynamics of 
how knowledge artifacts are networked and evolving 
along with contributors’ collective reflection. It 
highlights the importance of incorporating a semantic 
dimension into the research on crowd-level collective 
reflexivity emerging from open innovation challenges. 
From the information systems perspective, this study 
highlights that the crowd’s information processing can 
be evolving and reflective and therefore calls for future 
research on the dynamic nature of online crowds’ 
collective information processing in open innovation 
challenges. Practically, findings of this research 
indicate that crowdsourcing practitioners should be 
attentive to the semantic connections occurring in 
knowledge contributors’ back-forth online 
conversations, as the ever-evolving semantic networks 
manifest the reflection that crowd members 
collectively undertake. Crowdsourcing helps 
organizations adjust their business goals and open 
strategies; for example, organizations in this study can 
improve the quality of financial services provided to 
different generations or develop pet-friendly 
environmental management plans based on 
crowdsourcing findings. Designers of information 
systems can benefit from the semantic characteristics 
of crowd-based knowledge collaboration to implement 
the infrastructure that better identifies new ideas and 
facilitates its emergence. Understanding how the 
crowd’s opinion evolves will help business 
practitioners to effectively integrate the wisdom of 
crowds into future managerial actions.  
 
5.2. Future Research 
 
This study is limited in several ways and thus calls 
for further research. To extend the current findings, 
beyond using a limited number of crowdsourcing 
innovation challenges held within a specific time 
frame, semantic network analysis should be applied to 
a broader context in order to demonstrate the crowd’s 
collective knowledge collaboration in natural settings. 
Furthermore, based on the findings from this research, 
future studies should experimentally test the causes and 
effects of collective reflection in the context of 
crowdsourcing knowledge collaboration, as well as the 
role played by various semantic components in leading 
up to collective innovation on web-based 
crowdsourcing platforms.  
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